We used cafeteria-style feeding trials with 8 types of mast in various combinations to examine differences in resource selection among 5 syntopic species of granivorous forest rodents in west-central Indiana. Patterns of resource selection corresponded to differences in phylogeny and body size of granivores, with greatest similarities among closely related species of similar body size. Breadth of resource use varied inversely with body size in our trials. Resource selection by Sciurus carolinensis, S. niger, and Tamiasciurus hudsonicus was correlated positively with caloric and lipid content of mast and its size, whereas selection by Glaucomys volans was correlated negatively with the percentage of protective tissue associated with seeds. Laboratory trials indicated that T. hudsonicus and G. volans discriminate among mast of comparable physical and chemical composition on the basis of size, with a preference for larger seeds. Contrary to our expectations, T. hudsonicus, a recent immigrant from the boreal forest, did not exhibit a preference for seeds of red pine (Pinus resinosa) relative to mast of hardwood species. G. volans and Peromyscus leucopus tended to consume perishable white oak acorns immediately and to cache a substantial portion of less perishable seeds of nonpreferred species. Our results demonstrate the potential for considerable overlap in resource use among members of this guild. Guild members also seem to be affected differentially by physical and chemical properties of mast, and patterns of resource selection reflect contrasting foraging constraints under which these animals operate.
Central hardwood forests of the United States are occupied by 6 species of granivorous rodents with overlapping ecological and behavioral characteristics. In particular, fox squirrels (Sciurus niger), gray squirrels (S. carolinensis), red squirrels (Tamiasciurus hudsonicus), southern flying squirrels (Glaucomys volans), eastern chipmunks (Tamias striatus), and white-footed mice (Peromyscus leucopus) all depend on mast as a source of food throughout much of the year. Dependence on mast is so well developed that population dynamics of several of * Correspondent: rswihart@fnr.purdue.edu these species have been linked directly to variation in mast production (Klenner and Krebs 1991; Nixon and McClain 1969; Wolff 1996) .
Although considerable effort has been expended to study ecological attributes of individual species and interactions of pairs of species within this rodent assemblage (Guerra and Vickery 1998; Harlow and Doyle 1990; Nupp and Swihart 1998) , less attention has been given to potential interactions of Ͼ2 species, especially with respect to partitioning of mast resources. Moreover, most studies of mast and forest rodents have focused on the feeding habits of these animals rather than their selection of resources (Harlow and Doyle 1990; Korschgen 1981; Nixon et al. 1968 ). Studies of feeding habits usually are based on direct observation or analysis of stomach or fecal contents, which only establish food resources that are used by a given granivore in a given habitat or season. Studies of resource selection document resource use in comparison to resource availability, thus illustrating more clearly resources that are preferred by a particular species (Litvaitis et al. 1994) .
We experimentally examined selection of mast by fox squirrels, gray squirrels, red squirrels, southern flying squirrels, and white-footed mice. Timing of our field trials precluded collection of sufficient data on eastern chipmunks, and we were unable to capture adults for use in laboratory trials. The species we examined vary phylogenetically and morphologically. Fox squirrels (mean adult mass: 780 g), gray squirrels (510 g), and red squirrels (200 g) belong to the subfamily Sciurinae (Wilson and Reeder 1993) and are the largest members of the assemblage. The southern flying squirrel (65 g) is a smaller sciurid belonging to the subfamily Pteromyinae (McKenna and Bell 1997) . White-footed mice (21 g) represent the smallest and most phylogenetically distinct member of the group. Thus, we examined resource selection across a gradient of body size and degree of relatedness.
We hypothesized that selection of mast would vary among species of granivores in a predictable fashion. Specifically, we hypothesized that differences in resource selection should covary with degree of relatedness and body size, because size should provide a reliable index of the ability of a species to handle mast of different sizes and physical attributes. In this assemblage, phylogeny and size covaried, which precluded an independent assessment of their respective contributions to differences in resource selection. Accordingly, we predicted that similarity in selection of mast should be greatest between the congeners S. niger and S. carolinensis, slightly less between Sciurus and Tamiasciurus, even less between members of different subfamilies (Sciurinae and Pteromyinae), and least between the 4 sciurids and P. leucopus. The hypothesis concurrently predicted a positive correlation between pairs of species in terms of their similarity in resource selection and body size.
We also explored the role of physical and chemical characteristics of mast in resource selection by these granivores. When selecting among mast of various sizes, small granivores may encounter severe handling constraints imposed by physical properties of mast, whereas larger granivores may be relatively free of such constraints. Operating under this assumption, we hypothesized that physical characteristics of mast should be more influential in determining selection by small granivores than by large granivores. Correspondingly, breadth of resource use should covary with body size, reflecting constraints imposed on dietary choices of smaller granivores. Because of the inverse relationship between body size and massspecific metabolic rate (Nagy 1987; Schmidt-Nielsen 1984) , smaller species might also be more sensitive to energy content of mast (Feldhamer et al. 1999 ).
MATERIALS AND METHODS
We conducted a set of cafeteria-style feeding trials using 7 species of mast common to the central hardwoods and known to be late summer-early autumn foods of Ն1 of the granivores of interest (Briggs and Smith 1989; Hatt 1929; Havera and Smith 1979) : black cherry (Prunus serotina), black walnut (Juglans nigra), flowering dogwood (Cornus florida), northern red oak (Quercus rubra), shagbark hickory (Carya ovata), tulip poplar (Liriodendron tulipifera), and white oak (Q. alba). We also used seed of red pine (Pinus resinosa) in a separate set of feeding trials with red squirrels. Red pine is a nonnative but widely planted pine in northern Indiana (Bramble and Miller 1966 ) that has been listed as a preferred food of red squirrels (Clarke 1939) . All seed types occurred on our study area. Seeds used in the trials were purchased from commercial vendors (F. W. Schumacher Company and Sheffield's Seed Company, Locke, New York) and were refrigerated until use. We discarded seeds that were noticeably rotten or had been penetrated by insects. During trials, black cherry and flowering dogwood fruits were presented without the fleshy mesocarp or exocarp layers, black walnut and shagbark hickory nuts were without husks, acorns had husks but not caps, tulip poplar fruits were independent samaras, and red pine seeds were without cones.
Selection of native mast.-Field trials using all mast species except red pine were conducted from 30 March to 18 April and from 24 October to 11 November 1996. Feeding stations were constructed by affixing 7 petri dishes in a row to a 60-by 90-cm sheet of plywood. Adjacent petri dishes were separated by about 3 cm. One station was deployed in each of 6 woodlots (3-32 ha), and 2 stations were deployed in each of 2 continuous forest tracts (Ͼ100 ha) in Tippecanoe County, Indiana. Details of the study area were provided by Sheperd and Swihart (1995) .
Feeding stations were monitored continuously using Trailmaster (Lenexa, Kansas) remote camera systems that were positioned so that motion or heat 0.5-1.5 cm above the petri dishes triggered the system. The camera delay initially was set at 1 min but was later reduced to 0.7 min to capture more foraging events. Foraging events were photographed using 1,000 ASA film.
We visited stations twice daily between 0700 and 0900 h and between 1600 and 1800 h. During each visit, we filled each petri dish with 1 of the 7 mast species and recorded number of each seed type available. On all but the 1st visit to a station, number of seeds of each type taken during the preceding interval was recorded. Seeds that were scattered by granivore activity but showed no signs of consumption were not counted as taken. In an attempt to avoid sampling biases due to freshness or position of the seeds, all seeds were replaced during each visit regardless of whether any had been taken, and position of seed types on the feeding station was reassigned in no particular order. During each visit, cameras were checked to ensure that they were functioning properly, and film was replaced as needed.
Laboratory trials.-Laboratory trials were conducted from 15 April to 2 May 1996 and from 28 January to 12 March 1997 to provide supplemental information on mast selection by white-footed mice, southern flying squirrels, and red squirrels. Those 3 species were chosen because field data we collected on their resource selection was sparse and because little quantitative information was available from earlier studies.
White-footed mice and southern flying squirrels used in the laboratory trials were captured using Sherman live traps. Red squirrels were caught in Tomahawk live traps. Rodents were maintained individually in cages at a constant temperature (10ЊC) and a photoperiod comparable to ambient conditions (10L:14D-11.5L: 12.5D). All test subjects were habituated to captivity for 3 days, during which rodent chow, sunflower seeds, and water were provided ad lib.
Procedures for laboratory feeding trials were comparable to those used in the field trials, with the following modifications. Seeds were presented to each rodent on an equal-weight basis, and all rodents were subjected to 3 trials (3 days). Cages were checked daily, at which time we recorded for each seed type the number of seeds that had been wholly or partially consumed, number of seeds cached (removed from feeding trays but not eaten), and weight of uneaten seeds. At the conclusion of the first 3 trials, we removed the 1 or 2 types of seeds that were most preferred by the test subject and conducted a 4th trial.
Tests for influence of seed size.-To test the importance of seed size as a determinant of selection, we conducted a 5th and a 6th trial on each captive individual using shelled acorns of white oak. Acorn meats were cut, shaped, and glued into units roughly 0.25, 0.5, 1, 2, and 4 times the size of a typical acorn. Minimal amounts of Super Glue (Pacer Technology, Rancho Cucamonga, California) were used to form the larger units. Units 0.5 times the size of normal acorns were split longitudinally; units 0.25 times the size of typical acorns were split longitudinally then transversely. Both apical and basal portions were used in trials. All other testing procedures for the trial were identical to those mentioned previously for laboratory subjects.
Selection of nonnative mast.-To test for selection by red squirrels of mast from native hardwoods and from a coniferous species with a more northerly distribution, we also conducted a set of feeding trials in the field from late September until early November 1996 using seeds of red pine, tulip poplar, black walnut, shagbark hickory, and white oak. Feeding stations consisted of trays of 5 petri dishes, each containing 1 type of seed. Trays were placed at the base of trees containing leaf nests of red squirrels. Six feeding stations were established at 1 woodlot (including a 6-ha stand of mature red pine). Stations were prebaited with sunflower seeds for 2 days before trials began. A trial consisted of a 24-h period during which seeds on a tray were available. Consumption was recorded at the end of each trial, and petri dishes were refilled. Because we did not observe or photograph foraging events, it is possible that foragers other than red squirrels visited stations. However, feces of white-footed mice were observed at a station only once during trials, and the station was dropped from consideration in subsequent analyses. Fox squirrels did not use the area, but we cannot rule out the possibility of visitation by eastern chipmunks. To remove ambiguities associated with the lack of observed visitation, a 2nd set of feeding trials using the same suite of seeds was conducted in a horticultural park on the west edge of the Purdue University campus. Feeding stations were located at the base of 5 trees containing leaf nests. Sequential removal of seeds by red squirrels was recorded by observers hidden about 20 m from feeding stations. Data were collected from before sunrise until squirrel visitation ceased.
Quantification of resource selection.-We determined resource selection for each rodent species based on number and type of seeds taken during a foraging bout. We defined foraging bouts as the time elapsed between the 1st and last photographs that captured foraging events by a single species of rodent. Generally, successive photographs within a series were separated by Ͻ10 min. The short interval allowed us to accurately determine type and order of seeds taken for each bout. Foraging bouts averaged 51 min Ϯ 12 SD for field trials and 208 Ϯ 56 min for laboratory trials. Trials were conducted over several days within each woodlot, and we were unable to determine if series of photographs taken across several days were of the same or different individuals. Therefore, we treated woodlots as sampling units. Although that approach resulted in reduced sample sizes, it seemed preferable to pseudoreplication (Hurlbert 1984) .
Data from 1-4 trials on each granivore in a woodlot were used in the analysis of seed selection.
Selection ratios.-Selection ratios (w) for each of i seed types were estimated from data on n individuals of a species ( j ϭ 1, . . . , n) as w i ϭ u iϩ /⌺( ij u ϩ j ), where u iϩ was the total number of seeds of species i eaten by all individuals, ij is the proportion of all seeds available to individual j that are of type i, and u ϩ j was the total number of seeds eaten by individual j (Manly et al. 1993) . Preference, avoidance, and neutral selection of a seed type are indicated by w Ͼ 1, w Ͻ 1, and w ϭ 1, respectively. We computed simultaneous 95% Bonferroni CIs to test for significant deviations of w from 1.0. That procedure also was used for trials with the 5 size classes of white-oak acorns. Because of small sample sizes for granivores, tests of w were conducted on data pooled across seasons and environment (laboratory ϩ field). For analysis of feeding trials including red pine, we pooled all trials for which we failed to obtain observations of visitation by red squirrels but for which seeds were removed. Selection ratios and CIs were then computed based on averages derived from the pooled data and on the 5 trials for which observations of visitation were made.
Proportional hazards models.-Proportional hazards models were developed to predict use of seeds of various types over time using RSF software (version 1.02A, Manly 1993). Models were fitted by the method of maximum likelihood and estimated the probability of use, P, for a given seed type after a specified time, t, as
t}, where the X 1 , . . . , X p were dummy variables representing seed type and season (divided into late autumn-early winter and late winter-early spring periods), and b 0 , . . . , b p represented the corresponding coefficients. Model selection was based on chi-square goodness-of-fit tests and log-likelihood tests (Manly et al. 1993) . To standardize among trials of unequal length, we defined 4 census intervals on a relative basis as 0-25%, 25-50%, 50-75%, and 75-100% of the total elapsed time for each trial. For example, if an individual used a feeding station for 1 h, we counted (via photographs) use of seeds of each type during each of 4 nonoverlapping 15-min intervals; a foraging bout lasting 2 h would contain 4 nonoverlapping 30-min intervals, and so on. For laboratory trials with white-footed mice, we were unable to read times at which photographs were taken. Consequently, we conducted censuses corresponding to the intervals when 0-25%, 25-50%, 50-75%, and 75-100% of seeds taken during the foraging bout were eaten or cached. Such a resource-based approach precluded an analysis of rate of seed use, but it still permitted a quantitative appraisal of the order in which seeds of various types were taken. We used the same approach in trials with red squirrels that involved red pine seeds because times of consumption were not recorded. In all trials, number of seeds of each type remaining after a trial had ended was tallied and used in the analysis (Manly et al 1993) .
Overlap in resource use.-To further test if granivore species differed in their use of mast in a manner consistent with phylogeny and body size, we calculated indices of resource overlap for each pair of species using data from the trials with 7 seed types. Specifically, we computed indices of resource overlap developed by Horn (1966) and Hurlbert (1978) that were derived from the proportion of each resource type used relative to the total. Horn's index varies from 0 when there is no common use of resources to 1.0 when there is complete resource overlap. Hurlbert's index is 0 when no resources are shared, 1.0 when resource types are used in proportion to their abundance, and Ͼ1 when resource overlap occurs (Krebs 1989) . We used 1,000 bootstrap samples to derive estimates of variance (Mueller and Altenberg 1985) and used orthogonal contrasts to test for differences in overlap values among granivores (Hines and Sauer 1989; Sauer and Williams 1989) .
Dietary breadth.-To test for differences in diet breadth among species, we computed indices developed by Smith (1982) and Hurlbert (1978 , as modified by Krebs 1989 for data derived from the trials with 7 seed types. Smith's (1982) index is relatively insensitive to rare resource types and thus was appropriate for our trials, where number of seeds varied from 3 (black walnut) to about 200 (black cherry). Hurlbert's (1978) index also allows for unequal availability of resources. Values range from 0 to 1.0 for both indices, with increasing values reflecting increasing diet breadth. Variance estimates were derived from bootstrap resampling using 1,000 replicates, and tests of equality of all possible pairs of species were conducted using a Bonferroni-protected ␣ of 0.05.
Characteristics of mast.-We randomly selected samples consisting of Ն15 seeds of each species for chemical analysis. The embryo and endosperm were isolated from each sample seed and ground in a Wiley mill or with mortar and pestle or by both methods. Ground samples were oven dried at 40ЊC for Ն24 h prior to analysis. We determined percentage of crude protein by the micro-Kjeldahl technique. Percentage of crude fat was determined by the Soxhlets procedure using chloroform as the primary solvent (Association of Official Analytical Chemists 1984; Folch et al. 1957) . Total caloric content was determined using a Parr model 1241 calorimeter (Parr Instrument Company, Moline, Illinois). Shagbark hickory was treated differently, using the value of Havera and Smith (1979) . Total phenolics and condensed tannin in 0.25-g ground samples were estimated using the Prussian blue assay (Price and Butler 1977) and the butanol assay (Hagerman and Butler 1989) and were reported as absorbance at 550 nm and 620 nm, respectively.
We also calculated average weight, percentage of protective tissue, and hardness of each species of mast. Average weight and percentage of protective tissue by weight were determined on a dry-weight basis. Hardness was determined by measuring the amount of weight (kg) needed to force a wire framing nail through the outer surface (exocarp or endocarp, depending on the seed type) of a given seed. A Riehle 30 Kip static load testing machine (Riehle Manufacturing, Toledo, Ohio) with a 16-gauge, 2.5-cm nail mounted to its movable surface was used to collect hardness data on seed samples that were not oven dried prior to testing. Pearson product-moment correlations were computed between each physical and chemical character and the selection ratios for each granivore.
RESULTS
Selection ratios for native mast.-In the trials with 7 types of native mast, all types were eaten by Ն2 species of granivores, and no seed type was avoided by all species (Table 1) . White oak was selected consistently by all granivores, and northern red oak and shagbark hickory also tended to be selected disproportionately often, relative to their availability (Table 1) .
Selection patterns were similar for fox squirrels (n ϭ 6) and gray squirrels (n ϭ 3), the 2 granivores most closely related phylogenetically and most similar in body size (Table 1) . Red squirrels (n ϭ 4) preferred similar seed types, although the values of w differed markedly in some cases compared with fox and gray squirrels (Table 1). Mast selection by southern flying squirrels (n ϭ 4) seemed to be more similar to selections made by the other sciurids than to those of Peromyscus (Table 1) . Southern flying squirrels seemed to prefer shagbark hickory and red oak along with white oak. However, because of considerable variation among individuals, selection ratios for neither shagbark hickory nor red oak differed from 1.0 (P Ͼ 0.10). Like sciurids, white-footed mice (n ϭ 6) preferred white oak and avoided tulip poplar. However, they avoided black walnut and used black cherry and flowering dogwood in proportion to their availability. The range of values for selection ratios of white-footed mice was small compared with ranges for other granivores (Table 1) .
Granivores were flexible in their selection; removal of preferred seed types in laboratory trials resulted in a broadening of preferences to include previously nonpreferred items. When white oak acorns were removed from trials with flying squirrels (n ϭ 4), selection of red oak acorns (w ϭ 36.0, P Ͻ 0.05) and shagbark hickory nuts (w ϭ 54.2, P Ͻ 0.05) was noted. When both types of acorns were removed, flying squirrels consumed all of the hickory nuts and increased their probability of consumption of black walnuts to 0.23 by the end of a trial. Similarly, removal of preferred seed types from trials with mice (n ϭ 4) resulted in increased use of all other seed types, including 2 species (black walnut, w ϭ 7.2, P Ͻ 0.05; tulip poplar, w ϭ 2.2, P ϭ 0.60) that had been avoided altogether in previous trials.
Proportional hazards models.-Proportional hazards models of seed selection provided significant improvements in fit relative to null models of no selection (P Ͻ 0.001 for all tests). Hazards models of trials with 7 native seed types seemed to provide good fits to data for fox ( 2 ϭ 59.2, d.f. ϭ 46, P Ͼ 0.05), gray ( 2 ϭ 52.1, d.f. ϭ 46, P Ͼ 0.20), red ( 2 ϭ 23.4, d.f. ϭ 45, P Ͼ 0.80), and southern flying ( 2 ϭ 43.1, d.f. ϭ 49, P Ͼ 0.50) squirrels, although caution should be used when interpreting significance tests because of small expected cell frequencies (Manly et al. 1993) . The model fit was poor for white-footed mice ( 2 ϭ 197.5, d.f. ϭ 46, P Ͻ 0.001) and for the trials of red squirrels offered red pine ( 2 ϭ 876.0, d.f. ϭ 12, P Ͻ 0.001).
Models for fox and gray squirrels were more similar than those for any other pair of granivores in this assemblage (Fig 1) . In FIG. 1. -Proportional hazards models predicting use of mast by fox squirrels (top) and gray squirrels (bottom) as a function of seed type. Mast was presented to squirrels in cafeteria-style feeding trials that varied in duration. Only preferred species of mast (Table 1) are shown. Fox squirrel model: P ϭ 1 Ϫ exp{Ϫ[exp(Ϫ9.48 ϩ 5.82X 1 Ϫ 7.06X 2 ϩ 5.14X 3 ϩ 6.00X 4 Ϫ 1.73X 5 ϩ 4.80X 6 )]t}; gray squirrel model: P ϭ 1 Ϫ exp{Ϫ[exp(Ϫ10.26 ϩ 7.19X 1 Ϫ 0.99X 2 ϩ 6.49X 3 ϩ 7.32X 4 Ϫ 0.80X 5 ϩ 4.58X 6 )]t}. The variables X 1 -X 6 are dummy variables designating seed type (000000 ϭ black cherry; 100000 ϭ black walnut; 010000 ϭ flowering dogwood; 001000 ϭ northern red oak; 000100 ϭ shagbark hickory; 000010 ϭ tulip poplar; 000001 ϭ white oak), and t is the percentage of the trial that had elapsed.
both models, probability of use throughout a trial was greatest for shagbark hickory, followed closely by black walnut and then red oak and white oak.
For trials with native mast, season was a factor in predicting seed use by red squirrels (z ϭ Ϫ3.65, P Ͻ 0.01). Unfortunately, season was confounded with trial environment (field, laboratory) for red squirrels. We created 2 proportional hazards models, 1 for autumn-early winter field trials and 1 for late winter-early spring laboratory trials (Fig. 2) . Relative patterns were consistent between the 2 models and closely paralleled those of fox and gray squirrels. The major difference between the 2 genera was that probability of use by red squirrels was slightly greater for black walnut rather than shagbark hickory.
Proportional hazards models for southern flying squirrels and white-footed mice were qualitatively similar (Fig. 2) and predicted that probability of use of white oak, the only seed type preferred by these granivores, was well below 1.0 throughout a trial.
Overlap in resource use.-As with the selection ratio and proportional hazards models, results from Horn's (1966) and Hurlbert's (1978) overlap measures generally supported our hypotheses regarding dietary overlap relative to body size and phylogeny (Table 2) . Specifically, average overlap in resource use between white-footed mice and all other granivores (Horn, X ϭ 0.30; Hurlbert, X ϭ 2.15) was lower than the average overlap between all pairs of sciurids (Horn, X ϭ 0.90, 2 ϭ 491.1, P Ͻ 0.0001; Hurlbert, X ϭ 17.15, 2 ϭ 1,529.9, P Ͻ 0.0001). Average overlap between southern flying squirrels (Pteromyinae) and other Sciurinae (Horn, X ϭ 0.84; Hurlbert, X ϭ 14.53) was lower than the average overlap between other pairs of Sciurinae (Horn, X ϭ 0.96, 2 ϭ 17.5, P Ͻ 0.0001; Hurlbert, X ϭ 19.76, 2 ϭ 27.1, P Ͻ 0.0001). The average overlap between Tamiasciurus and Sciurus (Horn, X ϭ 0.96; Hurlbert, X ϭ 19.77) was not different from the average overlap between S. niger and S. carolinensis (Horn, X ϭ 0.97, 2 ϭ 0.56, P ϭ 0.45; Hurlbert, X ϭ 19.76, 2 ϭ 0.02, P ϭ 0.90). Dietary breadth.-Contrary to our sizebased hypothesis, white-footed mice showed greater dietary breadth than did any FIG. 2. -Proportional hazards models predicting use of mast by red squirrels (top), southern flying squirrels, and white-footed mice as a function of seed type and season. Mast was presented to subjects in cafeteria-style feeding trials that varied in duration. Only preferred species of mast are shown (Table 1) . Definitions of variables X 1 -X 6 and t are in Fig. 1 . For mice, t represented cumulative percentiles of total consumption rather than elapsed time (see text). X 7 ϭ 0 for autumn-early winter and 1 for late winter-early spring. Solid lines for the red squirrel models are autumn-early winter results, and dotted lines are late winter-early spring results. Red squirrel model: P ϭ 1 Ϫ exp{Ϫ[exp(Ϫ10.43 ϩ 7.11X 1 Ϫ 3.81X 2 ϩ 5.69X 3 ϩ 6.92X 4 Ϫ 5.82X 5 ϩ 5.33X 6 Ϫ 1.46X 7 )]t}; southern flying squirrel model: P ϭ 1 Ϫ exp{Ϫ[exp(Ϫ11.92 Ϫ 1.77X 1 ϩ 0.61X 2 ϩ 6.07X 3 ϩ 6.08X 4 Ϫ 8.82X 5 ϩ 6.85X 6 )]t}; white-footed mouse model: P ϭ 1 Ϫ exp{Ϫ[exp(Ϫ6.02 Ϫ 2.85X 1 Ϫ 0.39X 2 ϩ 0.12X 3 ϩ 1.88X 4 Ϫ 2.98X 5 ϩ 1.85X 6 )]t}.
other granivore in the assemblage (P Ͻ 0.05; Table 3) . Index values for sciurids were 2-22 times smaller than those of white-footed mice. For sciurids, the 2 measures of breadth gave slightly different patterns (Table 3) .
Characteristics of mast.-Physical and chemical attributes of mast are summarized in Table 4 . Fox, gray, and red squirrels exhibited selection ratios of mast that were significantly correlated with seed weight and calories per seed, and selection ratios of fox and red squirrels also were correlated with percentage of crude lipid in seeds (Table 5). Selection ratios of southern flying squirrels were correlated negatively with percentage of protective tissue. Selection ratios of mice were not correlated with any physical or chemical property measured (Table 5) .
Selection in trials with nonnative mast.-When red squirrels were presented with a choice of red pine and 4 types of hardwood seeds (n ϭ 11 trials), they preferred black walnut (w Ϯ SE ϭ 11.1 Ϯ 7.9), shagbark hickory (10.3 Ϯ 7.8), and white oak (7.8 Ϯ 5.9), reacted in a neutral fashion to red pine (0.8 Ϯ 0.2), and avoided tulip poplar altogether. Large SEs for the first 3 species arose because of site differences in foraging. Restricting analysis to only those 5 trials in which visitation was observed (i.e., the horticultural park) yielded significant (P Ͻ 0.05) preferences for black walnut, shagbark hickory, and white oak and complete avoidance of red pine.
Selection related to seed size.-Red squirrels in laboratory trials preferred white oak acorns that were 4 times the normal size (w ϭ 2.67, 95% CI ϭ 2.53-2.89) and avoided acorns half of normal size (0.63, 0.34-0.92). The index w was correlated with acorn size (r ϭ 0.64, d.f. ϭ 8, P ϭ 0.05). Southern flying squirrels preferred acorns twice the normal size (2.28, 1.41-3.14) and avoided acorns a quarter of normal size (0.60, 0.34-0.86). As was the case for red squirrels, w was correlated with acorn size (r ϭ 0.52, d.f. ϭ 18, P ϭ 0.02). Horn's (1966) index, and values below the diagonal represent Hurlbert's (1978) index. Values in parentheses are SD computed using 1,000 bootstrap samples (Mueller and Altenberg 1985) . See text for discussion of orthogonal contrasts. -Diet breadth for 5 species of granivorous rodents offered 7 species of mast in cafeteriastyle feeding trials. Values were computed by pooling across individuals within a species. Values in parentheses are SD computed using 1,000 bootstrap samples (Mueller and Altenberg 1985) .
Species
Index of diet breadth Smith (1982) Hurlbert ( In contrast to the sciurids, white-footed mice used all acorn sizes in proportion to their availability, and w for mice was not correlated with acorn size (r ϭ 0.37, d.f. ϭ 18, P Ͼ 0.10).
Caching behavior.-Of the preferred seed types taken by the captive granivores, nearly all were partially or wholly consumed. Southern flying squirrels and white-footed mice tended to cache a substantial portion of the other nonpreferred seed types (Table  6 ). Caching by red squirrels occurred only once and involved shagbark hickory nuts.
DISCUSSION
Despite small sample sizes, we observed pronounced selection and avoidance of seed types for each granivore species tested and numerous differences in selection interspecifically (Table 1 ; Figs. 1 and 2 ). Larger sample sizes would provide greater power and thus an enhanced ability to discriminate differences between species, but our trials were sufficient to demonstrate several patterns in selection. Selection of mast covaried with body size and degree of relatedness, as per our 1st hypothesis. Gray and fox squirrels, the 2 granivores most similar in body size and degree of relatedness, exhibited nearly identical patterns of selection. Red squirrel selection patterns were similar to those of fox and gray squirrels. Red pine seeds were not preferred by red squirrels occupying our study areas when presented in conjunction with native mast. Selection of mast by these 3 squirrel species apparently is related to size and caloric content of seeds; selection ratios were significantly correlated with calories per seed (Table 5).
Southern flying squirrels exhibited selection patterns more similar to those of tree squirrels than to those of Peromyscus. Selection by southern flying squirrels is correlated with the relative amount of protective tissue surrounding the seed, indicating the importance of handling time or some other physical constraint (Table 5) . Thus, shagbark hickory was preferred only marginally despite its superior energy content, and the potential advantage associated with the high energy contents of black walnut and flowering dogwood apparently were offset by their high percentage of protective tissue. Handling time also influences foraging decisions in Peromyscus polionotus (Phelan and Baker 1992) .
White-footed mice showed selection patterns that differed most markedly from those of the rest of the species in this guild, and they exhibited less selectivity than did other species. Further evidence of their relatively generalized diet is provided by the lack of correlation between w and acorn size or any physical or chemical property measured (Table 5) . At least 2 explanations could account for this pattern. First, it is likely that mast selection by white-footed mice is a function of the types of mast they are exposed to rather than the physical or chemical properties of the mast itself (Briggs and Smith 1989) . Given that all types of mast used in our feeding trials occur in the woodlands of Tippecanoe Coun- ty, it is not surprising that mice used a relatively broad array of the mast presented. However, squirrels made markedly different choices when presented with the same array of seed types. Second, the relatively wide dietary breadth of white-footed mice may represent a strategy for optimizing tradeoffs between variable nutrient content and secondary compounds in the mast types presented (Freeland et al. 1985; Freeland and Janzen 1974; Pulliam 1975; Rapport 1980) . If amounts of a plant toxin can be ingested only to some threshold level, foragers would face pressure to select a mixed diet (Foley et al. 1995; Harju 1996a Harju , 1996b Wang and Provenza 1996) . Allometric considerations suggest that smaller species have lower thresholds for effects of secondary compounds and hence a greater need for mixed diets. When preferred seed types were removed in laboratory trials with red squirrels, southern flying squirrels, and white-footed mice, all individuals increased consumption of previously nonpreferred types. Such plasticity indicates that these granivores can discriminate among food items within the context of fluctuating resource availability. However, efficiency of resource use probably declines as granivores are forced to use nonpreferred seed types. For instance, 3 of 4 white-footed mice used black walnut when preferred food types were absent, but the efficiency with which nuts were extracted was undoubtedly low. Future studies should explicitly address the role of constraints such as handling time.
Our results indicate the potential for a high degree of overlap in resource use among rodents of this assemblage, especially among fox, gray, and red squirrels. Given that forest rodents often are limited by food (Ransome and Sullivan 1997; Taitt 1981; Wolff 1996) , competition for seeds may occur. The addition of red squirrels in the last 100-150 years to the assemblage of granivores occupying portions of the central hardwood forests presumably has increased the potential for interspecific competition.
The red squirrel is a highly aggressive, territorial species that occupies a wide array of forest patches in northern Indiana (Mumford and Whitaker 1982; Nupp 1997; Swihart and Nupp 1998) . Competition may result from either depletion of resources or interference in obtaining resources (Sutherland 1996) .
If competition for food does exist, then syntopy must be maintained by partitioning niches along habitat or temporal dimensions (Schoener 1974 (Schoener , 1986 . Given that all 3 species are diurnal and active all year, temporal partitioning does not seem likely. Further, in a survey of the literature, Schoener (1974) found habitat, rather than time, to be the most common dimension along which resources are partitioned. Differential habitat use and sensitivity to agriculturally induced fragmentation of forests may lead to spatial partitioning by fox, gray, and red squirrels in central hardwood forests. In general, fox squirrels are found in open stands and near edges, whereas gray squirrels are restricted to dense interior stands (Allen 1952; Edwards et al. 1998; Kurta 1995) . Edwards and Guyns (1995) provided evidence that gray and fox squirrels differ in their selection of nest sites. Smith and Follmer (1972) also noted differences in predator escape behavior between gray and fox squirrels because of differences in habitat selection. Few studies have quantified habitat selection by red squirrels in predominantly hardwood forests, but the individuals observed in our study seemed to use stands with at least some coniferous structure, consistent with other findings (Nupp 1997) .
Alternatively, food may not be a limiting resource for this assemblage of rodents. If resource availability is high, the significant amount of overlap in resource use among red, gray, and fox squirrels (and southern flying squirrels and white-footed mice to a lesser degree) may reflect an absence of competition (Wiens 1977) . High resource availability also would make invasion of this system by red squirrels feasible and sustainable (Wiens 1977) . Although woodland rodents often are limited by food, individuals living in agricultural landscapes may not be affected as adversely as those inhabiting continuous forest. Fox squirrels make direct use of crop fields (Sheperd 1994; Sheperd and Swihart 1995) , and there is some evidence that mice could use corn either as a direct consequence of visitation to fields (Cummings and Vessey 1994; Wegner and Merriam 1990) or as an indirect consequence of foraging at latrines of raccoons (Procyon lotor-Page 1998). Availability of agricultural crops may reduce limitations associated with food resources, especially if asymmetries in competitive abilities are offset by interspecific differences in use of supplemental agricultural foods. Experimental manipulation of food supplies of free-ranging individuals is needed to assess the extent to which agriculture might modify interspecific interactions associated with naturally occurring foods.
